(Received for publication March 29, 1937) The mechanism of immunity in pertussis is not known. It would be easy to say, but rather difficult to prove, that the immunity resides in the fixed tissue cells of the respiratory tract. There is no clinical test for immunity other than intimate exposure to the disease itself. Intimate exposure is reported to produce the disease in 70 to 80 per cent of children with negative histories (1) . It still remains to be proven that it is possible to immunize actively against pertussis; the possibility seems likely, however, since the introduction of vaccines made from recently isolated, toxic strains having the characteristics of the " Phase 1 " strains described by Leslie and Gardner (2) . In three field studies where such strains were used favorable results were reported (1, 3, 4) . In another very thorough study (5) in which the method of preparation of vaccine was slightly different unequivocal evidence of immunization was not obtained. It is obvious that a convenient clinical test of immunity would greatly facilitate the trial of immunizing agents.
The complement fixation test and the agglutination reaction are primarily of academic interest though in Denmark the former is employed as a diagnostic procedure in cases of persistent bronchitis. These methods of detecting circulating antibody usually fail, three to five months after the antigenic stimulation, whether it be infection or vaccine. Curves of complement fixing antibody titers following vaccination (6, 7, 8, 9) are similar to those obtained after the disease (10, 11, 12, 13) . Recently Mishulow and coworkers (14) have compared the curve of agglutinin titers after vaccination with that during and after an attack of the disease. Higher titers were obtained and persisted longer after an attack. These data are of great interest in that they prove that the vaccine employed stimulates the formation of cir- 1 Aided by a grant from the Christine Breon Fund. ctlating antibody. In the individual who has recovered from pertussis, we know, from clinical observation, that the failure to detect circulating antibody by these tests several months after recovery does not mean an absence of immunity. Do the immune bodies actually disappear from the blood and localize in the tissues, or are our methods of detecting them in the blood inadequate? When the complement fixation and agglutination reactions again fail us two or three months after vaccination, how can we test for immunity? There are two lines of approach left open. We can assume that antibody has left the blood and attempt to test for it in the tissues. The skin, at least, is available. Skin reactions due to the allergy of infection have been reported and also skin reactions of the Schick type.
The claims of the existence of specific skin hypersensitivity during and after an attack of pertussis (15 to 22) are undoubtedly plausible despite reports to the contrary (23, 24, 25) . Specific allergic skin reactions occur in many bacterial infections. Because a positive allergic reaction occurs after an attack of pertussis, it is assumed to indicate immunity. A negative reaction is assumed to indicate susceptibility. Here one enters the controversy of the relation of allergy to immunity which is not well understood.
The description by Siebler and Okrent (26) of a Schick type of reaction, positive before the disease and negative afterwards, is difficult to credit. No circulating anti-endotoxin for H. pertussis has been demonstrated in man. H. pertussis vaccination of animals has failed to protect the skin from the necrotic action of H. pertussis endotoxin (27, 28) .
A satisfactory skin test for immunity may, in the future, be developed using the allergic type of reactions mentioned above. However, it seems worth while to follow the other lead left open. Does the failure of detection of circulating anti-749 body by the complement fixation and agglutination reactions a few months after recovery prove its absence? The recent report of Kendrick, Gibbs and Sprick (29) utilizing the opsono-cytophagic test indicates that such is not the case. This test for circulating antibody is apparently more delicate. Kendrick and her associates have applied the opsono-cytophagic test of Veitch (30) to the study of antibody production after H. pertussis vaccination, and during attacks of pertussis. The technic employed was relatively simple. Equal parts (0.1 cc. each) of citrated blood and a suspension of killed H. pertussis organisms were incubated for 30 minutes at 370 C. Smears were then made, and the number of bacteria phagocytized by twenty-five polymorphonuclear leukocytes observed. They expressed the amount of phagocytosis noted, in arbitrarily devised grades.
In a group of 117 infants and children ranging in age from 8 months to five years these workers clearly demonstrated that the degree of phagocytosis increased during and after H. pertussis vaccination. The maximum usually was reached two months after completion of vaccination and thereafter declined very gradually. A rather high degree of phagocytosis was still present two years later.
Kendrick and her coworkers also observed a group of 119 individuals during or after an attack of pertussis. Some of these were adults who had had pertussis many years before. During the disease progressively increasing phagocytosis was usually encountered. The maximum degree occurred in general about two months after onset.
No correlation between degree of phagocytosis and severity of attack was noted. " Weak " or " mod'-erate" reactions were observed in individuals who had had the disease 3 to 40 years previously. As controls 154 non-injected individuals with negative histories for pertussis were studied. Phagocytosis was not nearly so marked though it tended to increase with age. The white blood cells of 21 newborn infants showed practically no phagocytic power regardless of the histories or opsono-cytophagic reactions of their mothers.
Kendrick, Gibbs and Sprick (29) report uniformity of results with different Phase I strains of H. pertussis (that is recently isolated, " smooth " strains). It was found that the presence of a high opsono-cytophagic titer for H. pertussis was not associated with high titers for nine other species of organisms except Br. bronchisepticus. It has long been known that this organism is antigenically closely related to H. pertussis. The report of Kendrick, Gibbs and Sprick, however, does not conclusively show that the increased phagocytosis following pertussis vaccination is specific. The effect of injecting other vaccines on the phagocytosis of H. pertussis was not determined. These authors conclude that the opsono-cytophagic reactions may " offer promise of help " in the investigations of immunity in pertussis. They suggest that it may possibly act as a useful guide for immunization but "as a means for determining whether an individual has had pertussis in the past, the test is not adequate."
Using a similar technic Bradford (31) has obtained data confirmatory to the above. He notes that the heparinized blood of children with histories of pertussis is more actively phagocytic toward H. pertussis than that of children with negative histories.
The following studies were undertaken to see if we could confirm the findings of Kendrick sonins which are present in the serum of normal individuals." the mixture was not agitated after incubation.
Group I. Forty children were tested before and after injection of Phase I H. pertussis vaccine. 4 Group II. Twenty-four children were tested at varying intervals after injection of Phase I H. pertussis vaccine. Initial or control counts were not obtained on these children.
Group III. Twenty-seven children injected with 10 cc. of H. pertussis " Undenatured Bacterial Antigen "5 were subjected to these tests.
Group IV. Thirty-two control children were tested. Fifteen of these received three injections of 1 cc. normal saline and seventeen received no injections. Many of these children had more than one test after intervals of one to four months.
Group V. Twenty-eight children were tested during the course of pertussis.
RESULTS

Group I
The forty children tested before and after injection of Phase I vaccine fell into the following age groups: The initial test was done on the day of the first injection of vaccine. This total count per 25 cells ranged between 16 to 440 bacteria with a mean of 114. The per cent of cells participating in phagocytosis was between 30 and 100 per cent with a mean of 60 per cent. In all instances in which the initial total count per 25 cells was over 200, it was noted that the children fell into groups over 18 months of age. It should not be inferred from that that all older children give high titers since very low titers were not infrequently observed in older children.
The second test was done on the day of the third injection of vaccine (two weeks after the first injection). Thirty-nine of the 40 children were tested. The total counts of bacteria ranged between 172 to 1385 organisms per 25 second series over the first) (Table I) , these differences were not statistically significant, a fact probably dependent on the smallness of the samples.
Calculations are shown in Table I . Therefore, because no significance could be attached to the differences in means, although consistently in favor of the older antigen, it was decided to determine the means and standard deviations of the total series for each successive testing by counts. Summary of results of these calculations is shown in Table II . The difference of means, between the first and second, second and third, and third and fourth determinations (indicated by figures in italics in Table II) , are gen (Krueger) were tested. Fifteen of the twenty-eight children were under 18 months of age. Seven of these children had initial or control counts. The rest of the children had one or more tests at varying intervals. The resulting total counts of these children did not vary perceptibly with the time lapsing between the injections of undenatured bacterial antigen and the test. The results are summarized by age groupings in Table IV . The variation of total count following injection of undenatured bacterial antigen in relation to time interval after injection is shown in Figure 2 (composite scatter diagram of all groups). Because of the tendency to produce local reactions, amounts of 0.1 to 0.3 cc. of the respiratory vaccine were injected. The ages of these children ranged between 6 months and 6 years. Results of the tests before and after injection are summarized in Table VI .
It will be noted that in five children a definite increase in titer occurred soon after injection of mixed respiratory vaccine. This will be discussed later. Group VI. Studies during the course of pertussis Twenty-eight children and one adult were tested during their course of pertussis. One to seven tests were done on each individual. Two children of this group had tests 3 months prior to the onset of pertussis. One of these was injected with 10 cc. undenatured bacterial antigen eight months before the onset of pertussis. The other child received injections of saline and served as a control for the undenatured bacterial antigen. One adult, mother of children with pertussis, was tested 7 days before she developed the disease. It would have been desirable to have tested all of these twenty-eight children before the onset of pertussis as well as during the course of the disease. Unfortunately, we were not able to predict the onset of pertussis in advance.
Results of the three patients mentioned are shown in Table VII . 223-7 days before onset of pertussis 301-12 days after onset of pertusis 600-27 days after cessation of cough These three patients had mild cases of pertussis. The results in Table VII are probably a fair sample of the change in titer during the course of the disease. The results of all of the tests done on the children during the course of pertussis are shown in Figure 1 , a scatter diagram in which the opsono-cytophagic titer is plotted against days from onset and days after cessation of cough. The marked increase during the course of the disease and persisting for six weeks after cessation of cough is clearly shown in this scatter diagram. For comparison, the average of all titers obtained from children before treatment with pertussis antigen are shown in space at the left.
In order to compare more easily the titers re-754 sulting from tests on children in Groups I, II, III, IV, and V, a composite of the results is shown in a scatter diagram (Figure 2 The variables in this test may be listed and discussed as follows:
A. Immunological variables 1. Specific opsonin. The immune body for which we are testing sensitizes H. pertussis rendering the latter more susceptible to phagocytosis, not only by circulating polymorphonuclear leukocytes but by sessile phagocytes. If specific opsonin was the only variable involved the opsono-cytophagic test would be a direct measure of circulating immune body, which manifests itself more readily by sensitizing the bacterium for phagocytosis, than by agglutinating the bacterium, or fixing complement in the bacterium's presence.
2. Normal opsonin. Wells (38) noted a rapid decrease in normal opsonin in the sera of infants during the first four weeks of life. Tunnicliff (39) confirmed this observation and found that not until the end of the second year does the titer regain the average level of that for adult serum. It is obvious that this knowledge of the variation of normal opsonin with age should be considered in discussing our findings. Kendrick Gibbs and Sprick (29) noted increased phagocytosis of H. pertussis as age advanced, and our findings are confirmatory. Furthermore, our observations of increased phagocytosis of H. pertussis after injections of mixed respiratory vaccine can be interpreted only on the basis of an increase in normal opsonin. The question then arises, is the increased phagocytosis of H. pertussis after H. pertussis vaccination due to an increase in normal opsonin with probably little real increase in resistance, or, is the observed increased phagocytosis due to formation of specific opsonin which is an indicator of immunity? This question might be answered by making determinations of the opsonizing power of inactivated serum on the washed leukocytes of infants. The use of whole citrated blood in the opsono-cytophagic test leaves the question unanswered.
3. Variations in the inherent phagocytic actizity of leukocytes. Glynn and Cox (37) showed that the phagocytic power of leukocytes is subject to variations in the same individual. There was no evidence that the variations were specific in the uninfected. Tunnicliff (39) found (42, 43) have emphasized the importance of phagocytosis in resistance to streptococcal infections. They make the statement that the leukocyte in the presence of the type specific opsonin is the basis of streptococcic antibacterial immunity. Lyons (44) has utilized the opsono-cytophagic test as a means of determining the presence of specific opsonin in the sera of donors to be used for transfusion. Donors are then selected for the treatment of septic streptococcic infections on the basis of the opsonin content of their sera.
Our determinations on the opsono-cytophagic power of the blood after H. pertussis vaccination and after an attack of pertussis confirm the work of Kendrick, Gibbs and Sprick (29) . We agree that the opsono-cytophagic test may be of value in estimating the potency of immunizing agents. We also agree that it seems inadequate as a test of immunity. To their report, however, we would append the following remarks:
1. Different strains of H. pertussis seem to vary in the ease with which they are sensitized and phagocytized by a given blood. The value of the opsono-cytophagic test depends entirely on the correlation between a marked degree of phagocytosis and immunity to adequate exposure. This can only be determined by future observations on a large number of children.. On this point, the test in its present state seems inadequate, since an isolated determination on a blood sample means little. The technique must be further improved so that with different strains similar results are obtained on a single blood specimen. The use of a standard strain dried at low temperature in vacuo (as by the lyophile process) might facilitate standardization.
The test, on the other hand, appears definitely more delicate than the agglutination or complement fixation reactions for determining the presence of circulating antibody. It certainly shows that antibody capable of sensitizing H. pertussis remains in the blood stream longer after vaccination and longer after the disease than was formerly supposed. The question of whether immunity is dependent on the presence of circulating antibody is left unanswered.
SUMMARY
The recent adaptation of the opsono-cytophagic test to the study of pertussis has been scrutinized, and the following findings of Kendrick, Gibbs and Sprick (29) have been in general confirmed.
1. After injection of infants and children with a vaccine of H. pertussis in Phase I there was a definite increased phagocytosis of H. pertussis in ztro. This high opsono-cytophagic titer was maintained for at least six to nine months.
2. During and after an attack of pertussis there was a similar rise in the phagocytic activity of the blood.
3. A low degree of phagocytosis of H. pertussis was found in the blood of infants under 18 months of age if they had had neither the vaccine nor the disease. In children over 18 months of age more phagocytosis was occasionally observed even though the history was negative. It was, however, rarely as marked as after vaccination or disease.
It was also noted that: 4. After injection of H. pertussis undenatured bacterial antigen, no increased phagocytosis of H. pertussis occurred. Titers similar to those in the non-injected control children of the same age range were obtained.
5. After injection of a mixed respiratory vaccine increased phagocytosis of H. pertussis occurred. This stimulation of nonspecific opsonins indicates that the test is not specific for H. pertussis opsonins. This finding, however, does not necessarily invalidate the test, since an increase of non-specific opsonin may be commonly associated with an increase in resistance.
6. Variability of ease of sensitization and phagocytosis by the same blood was noted with different Phase I strains and with the same suspension of one strain as it aged. This together with other technical variables constitute drawbacks to the opsono-cytophagic test in its present form.
Our 
